REMARKS 

This Preliminary Amendment cancels the original claims, without prejudice, in the 
underlying PCT Application No. PCT/DE2004/001466. The Preliminary Amendment also adds 
new claims 12-22. The new claims conform the claims to U.S. Patent and Trademark Office rules 
and do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including 
the Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent and 
Trademark Office rules or to correct informalities. As required by 37 C.F.R. §§ 1. 121(b)(3)(h) 
and 1.125(c), a Marked-Up Version of the Substitute Specification comparing the Specification 
of record and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are respectfully 
requested. 

The underlying PCT Application No. PCT/DE2004/001466 includes an 
International Search Report, dated November 12, 2004, a copy of which is submitted herewith. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 
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DEVICE AND METHOD FOR DETERMINING THE MASS FLOW VIA THE TANK 
VENTING VALVE FOR AN INTERNAL COMBUSTION ENGINE 

Field Of The Invention 

The present invention relates to a device for determining the mass flow via a tank venting valve 
for an internal combustion engine including an intake manifold and a throttle valve, the intake 
manifold being connected to the tank venting valve and an exhaust gas recirculation system, 
5 and one measuring transducer each being assigned to the throttle valve and the tank venting 
valve, and a sensor for the mass flow via the exhaust gas recirculation system being assigned to 
the exhaust gas recirculation system. 

The present invention also relates to a method for determining the mass flow via a tank venting 
valve for an internal combustion engine including an intake manifold and a throttle valve 
10 situated therein. 

Background Information 

Knowledge of current fuel tank venting systems is essential in order to ensure the 
determination of the mass flow via the tank venting valve in internal combustion engines 
having a variable valve train or in working points with a subcritical pressure condition 

1 5 involving significant exhaust gas recirculation. In a sophisticated engine controller, which aims 
at maintaining certain fuel/air ratios in the combustion chamber of the internal combustion 
engine with great accuracy, the fuel tank venting system may not be operated independently 
thereof, particularly since the fuel vapors are supplied to the internal combustion engine. The 
controller of the fuel tank venting system and the controller of the internal combustion engine 

20 are therefore closely connected. The controllable valves of the engine are controlled as a 

function of certain operating conditions of the internal combustion engine and different states 
of the fuel tank system or the fuel tank venting system. 

The throttle valve position, the air flow, or the pressure may be measured in the intake system. 
In the engine itself, the engine speed may be the object of the detected signals. Its oxygen 
25 content is normally also detected in the exhaust gas of the internal combustion engine. The 

signals received by the controller unit are implemented in programs for controlling the system 
components, so that feeding of the fuel vapors into the intake system takes place without 
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impairing the operation of the internal combustion engine. Moreover, a check of the system 
efficiency is possible in this way. 


In the devices according to the related art the fact is utilized that the mass flow, which flows 
into the intake manifold via the tank venting valve, is calculated using the outflow 
5 characteristic curve as a function of the pressure differential at the tank venting valve. The 
outflow characteristic curve has a great ascent in the area of a subcritical pressure condition 
which results in inaccuracies and in the worst case in instability in the calculation of the mass 
flow. In previous engine controller designs, the mass flow via the tank venting valve is 
calculated as a function of the throttle valve angle and the engine speed in order to improve the 
10 accuracy. It is assumed here that the intake manifold pressure is proportional to the mass flow 
flowing in via the throttle valve. This assumption is not fulfilled in systems having a variable 
valve train or an exhaust gas recirculation. 


The object of the present invention is to provide a device of the above-mentioned type which 
15 improves the accuracy of the calculation of the mass flow via the tank venting valve in engines 
having a variable valve train or in working points with subcritical pressure conditions 
involving significant exhaust gas recirculation and which thus effects an improvement in the 
driving and exhaust gas performance. 

It is also the object of the present invention to provide a corresponding method. 

20 The object regarding the device is achieved in that a mass flow normalizer is assigned to the 
measuring transducers and to the sensor for the mass flow via the exhaust gas recirculation 
system; the mass flow normalizer picks up, sums, and normalizes the signals of the measuring 
transducers and the sensor assigned to the mass flows via the throttle valve, via the tank venting 
valve, and via the exhaust gas recirculation system, and a convertor is assigned to the mass 

25 flow normalizer; the convertor calculates a virtual throttle valve angle from which an allocator 
determines the mass flow via the tank venting valve. 

Normalization of the mass flow to its value at the standard conditions of 1013 mbar and 0°C is 
accomplished in that the mass flow normalizer normalizes the signals provided by the 
measuring transducers and the sensor by taking the temperature, the factor density, and the 
30 flow-through factor into account. 
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According to a preferred invention variant, it may be provided that the allocator determines the 
mass flow via the tank venting valve from the virtual throttle valve angle by taking at least the 
engine speed, the temperature, the factor density, and/or the normalized supercritical mass flow 
via the tank venting valve into account. 

5 An advantageous embodiment provides that an engine controller, which controls the engine 
parameters for the internal combustion engine, is situated downstream from the allocator. 

A more accurate determination of the mass flow via the tank venting valve is achieved in that a 
measuring transducer is assigned to the pressure differential meter of the tank venting valve 
and the outflow characteristic curve of the tank venting valve is assigned to the measuring 
10 transducer. 

A particularly compact assembly provides that the measuring transducers and/or the sensor 
and/or the mass flow normalizer and/or the convertor and/or the allocator are integral 
components of the engine controller or are combined in at least one additional subsystem. 

The object of the present invention regarding the method is achieved in that the mass flows via 
1 5 the throttle valve, via the tank venting valve, and via the exhaust gas recirculation system are 
summed and normalized, by including normalization factors, in a mass flow normalizer for 
forming a normalized mass flow, in that a virtual throttle valve angle is determined from the 
normalized mass flow, and in that the mass flow via the tank venting valve is determined from 
the virtual throttle valve angle. 

20 A particularly accurate determination of the mass flow is accomplished in that the normalized 
mass flow is normalized by including at least one flow-through factor, one temperature factor, 
and one factor density. 

A possible embodiment provides that the assignment between the normalized mass flow and 
the throttle valve angle is predefined via a characteristic curve and that the virtual throttle valve 
25 angle is calculated from the value of the normalized mass flow. 

Improved determination of the mass flow under different operating conditions is accomplished 
in that the mass flow via the tank venting valve is determined the virtual throttle valve angle, 
including the engine speed and/or taking into account the normalized supercritical mass flow 
via the tank venting valve and/or a factor density and/or a temperature factor. 
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In a preferred embodiment of the method, the virtual throttle valve angle is calculated which 
corresponds to the throttle valve angle which would be necessary to supply the sum of the mass 
flows flowing into the intake manifold via the throttle valve alone, thereby achieving 
considerably improved engine control at simultaneously reduced emission exhaust. 

5 The present invention is explained in gr e at e r d e tail bolow based on an exemplary e mbodiment 
illustrat e d in the drawing. 

Brief Description Of The Drawings 

Figure 1 shows a schematic representation of a device for determining the mass flow via 

the tank venting valve for an internal combustion engine. 

10 Figure 2 shows a calculating method for determining the mass flow in a schematic 

representation. 

Detailed Description 

Figure 1 shows that the air intake for an internal combustion engine 90 is essentially made up 
of an intake manifold 10 which is situated between an air filter 80 and internal combustion 
15 engine 90. Intake manifold 10 is furthermore connected to tank venting valve 20 and exhaust 
gas recirculation system 30. 

Situated in intake manifold 10 is a throttle valve 1 1 which is connected to a measuring 
transducer 13 for determining throttle valve angle 12, the measuring transducer being 
additionally connected to a signal line for engine speed 14. Measuring transducer 13 is also 
20 connected to a mass flow normalizer 40 for determining normalized mass flow 44. 

Tank venting valve 20 is connected to a pressure differential meter 21 which in turn is 
connected to a measuring transducer 22 for determining mass flow 62 via tank venting valve 20. 
Outflow characteristic curve 23 of tank venting valve 20 is applied to measuring transducer 22, 
the outflow characteristic curve being stored in measuring transducer 22 or being predefined by 
25 another controller module, e.g., by engine controller 70. The output signal for mass flow 62 via 
tank venting valve 20 is also supplied to mass flow normalizer 40. 

Furthermore, a sensor 3 1 is assigned to exhaust gas recirculation system 30, the sensor's output 
signal for mass flow 62 via exhaust gas recirculation system 30 also being supplied to mass 
flow normalizer 40. 


NY01 1073542 vl 


4 


MARKED-UP COPY 


Mass flow normalizer 40 is also connected to sensing elements and/or electronic and/or 
mechanical memory units for temperature factor 41, factor density 42, and flow-through factor 

43 and calculates, as the output signal, mass flow 44, summed and normalized from the 
individual mass flows, which is supplied to a convertor 50. The output signal of this convertor 

5 50 corresponds to virtual throttle valve angle 5 1 which together with the signals for 

temperature factor 41, factor density 42, normalized supercritical mass flow 61 via tank 
venting valve 20, and engine speed 14 is supplied to an allocator 60. A normalized mass flow 

44 via tank venting valve 20 is initially determined there from a characteristic curve (KFAFTE). 
Mass flow 62 via tank venting valve 20 may subsequently be calculated as the output signal 

10 taking into account the above-mentioned factors. This output signal is connected to an engine 
controller 70 for further analysis. Engine controller 70 is operatively linked to internal 
combustion engine 90 via at least one control signal 71 and optimizes the efficiency, the fuel 
consumption, and the emission exhaust of internal combustion engine 90. 

Figure 2 shows a possible embodiment of the calculation method according to the present 
15 invention. Mass flows 62 via throttle valve 11, via tank venting valve 20, and via exhaust gas 
recirculation system 30 are initially added and normalized using temperature factor 41, factor 
density 42, and flow-through factor 43. Normalized mass flow 44 is subsequently converted in 
convertor 50 into a virtual throttle valve angle 51. Virtual throttle valve angle 51 thus 
corresponds to throttle valve angle 12 which would be necessary to supply the sum of mass 
20 flows 62 flowing into intake manifold 10 via throttle valve 1 1 alone. In connection with engine 
speed 14 and taking into account temperature factor 41, factor density 42, and normalized 
supercritical mass flow 61 via tank venting valve 20, mass flow 62 via tank venting valve 20 is 
calculated which may be utilized in connection with an engine controller 70 shown in Figure 1 
for accurately controlling an internal combustion engine 90. 

25 In a further embodiment, individual components from Figure 1 may be integral components of 
engine controller 70 or may be combined in at least one subsystem. 
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Abstract Of The Disclosure 
Describ e d is aA device for determining the mass flow via a tank venting valve for an internal 
combustion engine including an intake manifold and a throttle valve, the intake manifold being 
connected to the tank venting valve and an exhaust gas recirculation system, one measuring 
5 transducer each being assigned to the throttle valve and the tank venting valve, and a sensor for 
the mass flow via the exhaust gas recirculation system being assigned to the exhaust gas 
recirculation system. In order to be able to determine the mass flow via the tank venting valve 
with improved accuracy it is provided in such a device that a mass flow normalizer is assigned 
to the measuring transducers and to the sensor for the mass flow via the exhaust gas 
10 recirculation system; the mass flow normalizer picks up, sums, and normalizes the signals of 
the measuring transducers and the sensor assigned to the mass flows via the throttle valve, via 
the tank venting valve, and via the exhaust gas recirculation system; a convertor is assigned to 
the mass flow normalizer; the convertor calculates a virtual throttle valve angle from which an 
allocator determines the mass flow via the tank venting valve. 

15 
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